In this paper, we discuss the Soret and Dufour effects on an MHD micropolar fluid flow over a linearly stretching sheet, through a non-Darcy porous medium, where stretching velocity of the sheet varies linearly with distance from the origin, and, temperature and concentration vary non-linearly in the boundary layer region. By suitable similarity transformations, the governing boundary layer equations are transformed to ordinary differential equations. These equations are solved by numerical computations with bvp4c along with the shooting technique method. The effects of the magnetic parameter, Soret number and Dufour number on velocity profiles, microrotation profile, heat transfer, and concentration, skin-friction, Nusselt number and Sherwood number are computed, discussed and analysed numerically and presented through tables and graphs.
Introduction
The fluid model introduced by Eringen [1] exhibits some microscopic effects arising from the local structure and micro-motion of the fluid elements. The model of a micropolar fluid represents fluids consisting of rigid, randomly oriented (or spherical) particles suspended in a viscous medium where the deformation of the particles is ignored. Micropolar fluids have been shown to accurately simulate the flow characteristics of polymeric additives, geo-morphological sediments, colloidal suspensions, hematological suspensions, liquid crystals, lubricants, etc. Sakiadis [2] was the first to study the flow field due to a surface which is moving with a constant velocity in a quiescent fluid. The dynamics of the boundary layer flow over a stretching surface originated from the pioneering work of Crane [3] . The discussion and applications of convective transport in porous media can be found in the book by Nield and Bejan [4] . The mathematical theory of equations of micropolar fluids and applications of these fluids in the theory of lubrication and in the theory of porous media are presented by Lukaszewicz [5] . Srinivasacharya et al. [6] analyzed the flow and heat and mass transfer characteristics of free convection on a vertical plate with variable wall temperature and concentration in a doubly stratified micropolar fluid. Ramachandran et al. [7] discussed the effect of the Prandtl number on the linear stability of a compressible Couette flow. Asma Khalid et al. [8] analyzed the conjugate transfer of heat and mass in unsteady flow of a micropolar fluid with wall couple stress. Nadeem et al. [9] considered the optimal and numerical solutions on an MHD micropolar nanofluid between rotating horizontal parallel plates. Das [10] discussed slip effects on heat and mass transfer in an MHD micropolar fluid flow over an inclined plate with thermal radiation and chemical reaction. Adhikari et al. [11] discussed an MHD micropolar fluid flow towards a vertical surface in the presence of heat flux. Habibi et al. [12] analysed the mixed convection MHD flow of a nanofluid over a non-linear stretching sheet with effects of viscous dissipation and variable magnetic field. Chaudhary et al. [13] discussed the effect of chemical reaction on an MHD micropolar fluid flow past a vertical plate in slip-flow regime. Ali Kashif et al. [14] analysed the numerical simulation of an unsteady water-based nanofluid flow and heat transfer between two orthogonally moving porous coaxial disks. Mohyuddin et al. [15] studied the optimal and numerical solutions of an MHD flow of a radiative micropolar nanofluid in a porous channel. El-Dabe et al. [16] analysed the numerical solution of an MHD flow of a micropolar fluid with heat and mass transfer towards a stagnation point on a vertical plate. Srinivas Maripala et al. [17] discussed the MHD effects on a micropolar nanofluid flow over a radiative stretching surface with thermal conductivity. Ali Chamkha et al. [18] analysed the unsteady MHD natural convection from a heated vertical porous plate in a micropolar fluid with Joule heating, chemical reaction and radiation effects. Sandeep [19] studied the unsteady boundary layer flow of a thermophoretic MHD nanofluid past a stretching sheet with space and time dependent internal heat source/sink. Khedr [20] analysed the MHD flow of a micropolar fluid past a stretched permeable surface with heat generation or absorption. Sandeep et al. [21] discussed the dual solutions for an unsteady mixed convection flow of MHD micropolar fluid over a stretching/shrinking sheet with nonuniform heat source/sink. Satya Narayana et al. [22] studied the effects of Hall current and radiation absorption on an MHD micropolar fluid in a rotating system. Kelson [23] analysed the effects of surface conditions on flow of a micropolar fluid driven by a porous stretching sheet. Reddy et al. [24] studied the MHD mixed convection oscillatory flow over a vertical surface in a porous medium with chemical reaction and thermal radiation. Pal et al. [25] analyzed the effects of viscous-Ohmic dissipation and variable thermal conductivity on a steady two-dimensional hydromagnetic flow, heat and mass transfer of a micropolar fluid over a stretching sheet embedded in a non-Darcian porous medium with non-uniform heat source/sink and thermal radiation. In the above work the Soret and Dufour effects on an MHD micropolar fluid flow over a non-Darcy porous medium was not studied. Lakshmi et al. [26] studied the thermal radiation and variable viscosity on steady MHD free convective flow over a stretching sheet in the presence of heat source, dissipation and chemical reaction. Jhansi Rani et al. [27] analysed the heat and mass transfer effects on an MHD free convection flow over an inclined plate embedded in a porous medium. Gorla et al. [28] studied the radiation and chemical reaction effects on an MHD flow along a moving vertical porous plate.
In this paper, we discuss the Soret and Dufour effects on an MHD micropolar fluid flow over a linearly stretching sheet, through a non-Darcy porous medium, where stretching velocity of the sheet varies linearly with distance from the origin, and, temperature and concentration vary non-linearly in the boundary layer region. By suitable similarity transformations, the governing boundary layer equations are transformed to ordinary differential equations and these equations are solved by numerical computations with bvp4c with the shooting technique method. The effects of the magnetic parameter, Soret number and Dufour number on velocity profiles, microrotation profile, heat transfer, and concentration, skin-friction, Nusselt number and Sherwood number are computed, discussed and analysed numerically and presented through tables and graphs.
Mathematical formulation of the problem
We consider a steady two-dimensional mixed convection flow of an incompressible, electrically conducting micropolar fluid towards a surface coinciding with the plane y 0  and the flow region y 0  . The x-axis is taken in the direction along the motion of the sheet and the y-axis is taken perpendicular to it. The flow is generated by the action of two equal and opposite forces along the x-axis and the sheet is stretched in such a way that the velocity at any instant is proportional to the distance from the origin (x = 0). Further, the flow field is exposed to the influence of an external transverse magnetic field of strength
. It is assumed that the whole size of porous plate is taken constant. The non-Darcian inertia effect is considered in the model. The thermal conductivity of the fluid is assumed to be functions of temperature. There is a first order chemical reaction between the diffusing species and the fluid. The effect of thermal radiation, thermo-diffusion and diffusion-thermo are considered. The Reynolds number is assumed to be small. The pressure gradient, body forces, Hall currents, frictional heating due to viscous dissipation and Ohmic heating due to the application of the magnetic field are negligible and hence not considered in the present model.
The temperature and concentration of the plate surface is always greater than their free stream values. The flow configuration and the coordinate system are shown in Fig.1 . Under the foregoing assumptions and invoking the usual Boussinesq approximation, the governing equations that describe the physical situation can be written as follows: The continuity equation
energy equation
where u and v are velocity components along the x and y axes, respectively; v  is the micro-rotation viscosity or the vortex viscosity; j is the micro-inertia density;  is the dynamic viscosity;  is the kinematic viscosity. N is the microrotation component normal to the x y  plane;  is the spin gradient viscosity;  is the electrical conductivity of the fluid and is assumed to be constant; p k is permeability of the porous medium; E C is the form of drag coefficient which is independent of viscosity and other properties of the fluid but depends on the geometry of the medium, T  is the coefficient of thermal expansion, C  is the coefficient of concentration expansion, T is the temperature of the fluid, W T is the temperature of the fluid at the surface, T  is the temperature of the fluid outside the boundary layer, k is the thermal conductivity of the fluid, P C is the specific heat at constant pressure 
The thermal conductivity k is assumed to vary linearly with temperature and it is of the form 
4
T can be expressed by using Taylor's series as
Using this in Eq.(2.4) we get
To investigate the effect of different surface conditions, we choose a linear relationship between the microrotation variable N and the surface stress y u   in the boundary conditions (2.6); m is the proportionality constant. Here, the microrotation parameter m ranges between 0 and 1  
 , which is a generalisation of the no-slip condition, that is, the particle density is sufficiently large so that microelements close to the surface are not able to translate or rotate. The case . m 0 5  represents the vanishing of the anti-symmetric part of the stress tensor and represents weak concentration of the microelements. For this case, in a fine particle suspension, the particle spin is equal to the fluid velocity at the surface. The value of m 1  is used for the modelling of a turbulent flow inside the boundary layers of microrotation.
Dimensional Analysis: We consider the following dimensionless variable
, .
Introducing these variables in Eqs (2.2), (2.3), (2.4) and (2.5), we get the following dimensionless forms of the equations
where:
the spin gradient viscosity, reference length,
parameter, where ,
and the corresponding boundary conditions are as follows
The quantities of main physical interest are the skin friction coefficient (rate of shear stress), the couple stress coefficient at the surface, the Nusselt number (rate of heat transfer) and the Sherwood number (rate of mass transfer).
The local skin friction coefficient is defined as
The couple stress coefficient at the surface is defined as follows
The rate of heat transfer in terms of the dimensionless Nusselt number is defined as follows
The rate of mass transfer in terms of the dimensionless Sherwood number is defined as follows
The equation defining the surface shear stress is defined as follows
The heat flux is defined as follows
The mass flux is defined as follows
The local Reynold number, Re
Method of numerical solution
The numerical solutions are obtained using the above equations for some values of the governing parameters, namely, the magnetic parameter (M), the Dufour number (Du), the Soret number (Sr), thermal coefficient parameter (e) and slip parameter (m). Effects of M, Sr, and Du on the steady boundary layers in fluid flow region are discussed in detail. The numerical computation is done using the MATLAB in-built Numerical Solver bvp4c. In the computation we have taken . 2 5   micro rotation profiles increase very slowly with the increase in the Dufour parameter Du. This shows that the micro-rotation boundary layer thickness decreases with the increase in the Dufour parameter Du. Figure 8 shows that the fluid temperature field increases asymptotically with the increase in the Dufour parameter Du. The temperature decreases sharply when 0 4    and when 4  , it decreases slowly and almost becomes constant. This shows that the thermal boundary layer thickness increases with the increase in the Dufour parameter Du. 2 5   micro rotation profiles decrease very slowly with the increase in the Soret parameter. This shows that the micro-rotation boundary layer thickness increases with the increase in the Soret parameter. Figure 12 shows that the fluid temperature field decreases asymptotically with the increase in the Soret parameter. The temperature decreases sharply when 0 4    and when 4  , it decreases slowly and almost becomes constant. This shows that thermal boundary layer thickness decreases with the increase in the Soret parameter. Figure 13 shows that the fluid concentration field decreases asymptotically with the increase in the Soret parameter. The concentration decreases sharply when . 0 25    and when . 2 5   , it decreases slowly and almost becomes constant. This shows that the concentration boundary layer thickness decreases with the increase in the Soret parameter. Figure 14 shows that the fluid velocity field increases asymptotically with the increase in the thermal coefficient (e). The velocity decreases sharply when . 0 25    and when . 2 5   , it decreases slowly and almost becomes constant. This shows that velocity boundary layer thickness increases with the increase in the thermal coefficient. 2 5   micro rotation profiles increase very slowly with the increase in the thermal coefficient. This shows the micro-rotation boundary layer thickness decreases with the increase in the thermal coefficient. Figure 16 shows that the fluid temperature field increases asymptotically with the increase in the thermal coefficient (e). The temperature decreases sharply when 0 4    and when 4  , it decreases slowly and almost becomes constant. This shows that thermal boundary layer thickness increases with the increase in the thermal coefficient. Table 2 shows that the effects of the Darcy parameter (Da) on the skin friction (Cf), dimensionless wall couple stress (Cr) , Nusselt number and Sherwood number. It shows that the skin friction, dimensionless wall couple stress, Nusselt number and Sherwood number increase with the increase in the value of the Darcy parameter (Da). Table 3 shows the effects of the Forchheimer parameter (Fs) on the skin friction, dimensionless wall couple stress, Nusselt number and Sherwood number. It shows that the skin friction, dimensionless wall couple stress, Nusselt number and Sherwood number increases with the increase in the value of Forchheimer parameter (Fs). Table 4 shows that the effects of the thermal Grashof parameter (Gr T ) on the skin friction, dimensionless wall couple stress, Nusselt number and Sherwood number. It shows that the skin friction, dimensionless wall couple stres, Nusselt number and Sherwood number increase with the increase in the value of the Grashof temperature parameter. Table 5 shows that the effects of the concentration Grashof parameter (Gr C ) on the skin friction (Cf), dimensionless wall couple stress Cr, Nusselt number Nu and Sherwood number Sh. It shows that the skin friction, dimensionless wall couple stress, Nusselt number and Sherwood number increase with the increase in the value of the Grashof concentration parameter. Table 6 shows that the effects of the micropolar parameter, K np on the skin friction, dimensionless wall couple stress Cr, Nusselt number and Sherwood number. It shows that the skin friction Cf, dimensionless wall couple stress Cr, Nusselt number Nu and Sherwood number increase with the increase in the value of micropolar parameter. Table 7 shows that the effects of the Prandtl parameter on the skin friction (Cf), dimensionless wall couple stress Cr, Nusselt number and Sherwood number. It shows that the skin friction Cf, dimensionless wall couple stress Cr decrease, Nusselt number and Sherwood number increase with the increase in the value of the Prandtl number. Table 8 shows that the effects of the radiation parameter on the skin friction, dimensionless wall couple stress, Nusselt number and Sherwood number. It shows that the skin friction, dimensionless wall couple stress Cr increase , Nusselt number and Sherwood number decrease with the increase in the value of the radiation parameter. Table 9 shows that the effects of the Schmidt parameter on the skin friction, dimensionless wall couple stress, the Nusselt number and Sherwood number. It shows the skin friction Cf, first decreases and then increases, the dimensionless wall couple stress Cr increases, the Nusselt number decrease and Sherwood number increases with the increase in the value of the Schmidt parameter. Table 10 shows that the effects of the chemical reaction parameter on the skin friction Cf, dimensionless wall couple stress Cr, Nusselt number Nu, and Sherwood number Sh. It shows that the skin friction Cf, dimensionless wall couple stress Cr, Nusselt number Nu decrease and the Sherwood number increase with the increase in the value of the chemical reaction parameter.
Result and discussion
Pr ( ) 0   ( ) 0   Present Results Ishak et al.(2008)Fs   f 0    h 0    0     0   0.4 -  . f 0 0 5   ; m=0.5. Grc   f 0    h 0    0     0   0.4 -Pr   f 0    h 0    0     0    . f 0 0 5   ; m=0.5. R   f 0    h 0    0     0    . f 0 0 5   ; m=0.5. Kc   f 0    h 0    0     0  
Conclusions
 With the increase in the value of M, the velocity boundary layer thickness decreases, whereas the microrotation boundary layer thickness, the thermal boundary layer thickness and the concentration boundary layer thickness increase.  With the increase in the value of Du, the velocity boundary layer thickness increases, the microrotation boundary layer thickness decreases, the thermal boundary layer thickness increases, the concentration boundary layer thickness decreases.  With the increase in the value of Sr, the velocity boundary layer thickness decreases, the microrotation boundary layer thickness increases, the thermal boundary layer thickness decreases, concentration boundary layer thickness decreases  The skin friction Cf , the dimensionless wall couple stress Cr, Nusselt number and Sherwood number increase with the increase in the value of Darcy, the Forchheimer number, Grashof number, modified Grashof number concentration and micropolar parameters .  As the value of the Prandtl parameter increases the skin friction C f dimensionless wall couple stress
Cr, decrease and Nusselt number Nu, and Sherwood number Sh, increase.
 As the value of radiation parameter increases the skin friction Cf, dimensionless wall couple stress Cr increase and Nusselt number and Sherwood number decrease.  As the value of the Schmidt parameter increases the skin friction first decreases and then increases, dimensionless wall couple stress Cr and the Sherwood number increase, the Nusselt number decreases.  As the value of the chemical reaction parameter increases, the skin friction, dimensionless wall couple stress Cr and the Nusselt number decrease and the Sherwood number increases.
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